The pandalid Plesionika izumiae Omori, 1971 is widely distributed in the west Pacific regions. This is a relatively common shrimp in the coastal waters of Japan, except off northern Honshu and Hokkaido, and is commercially important for small-scale bottom seine fishery. The growth patterns and longevity of P. izumiae were estimated in Kagoshima Bay, southern Japan, using time series of the length-frequency distributions during February 2007 to January 2011. Carapace length ranged from 4.4-14.5 mm in males and 4.0-14.7 mm in females. Both males and females were first recruited in autumn (October-November) with modal size around 7.0 mm carapace length. The growth was best described by the Pauly and Gaschütz equation as L t = 11.95[1 − exp{−3.991(t/12 − 0.118) − (2.866/2π) sin(2π(t/12 − 0.955))}] for males and L t = 12.73[1 − exp{−4.084(t/12 − 0.142) − (2.646/2π) sin(2π(t/12 − 0.912))}] for females. Females grew faster and reached a larger size at the same age than males. Monthly growth rate was lower during December to February and higher during March to May in both sexes. The longevity of this species was estimated to be around 18 months for both sexes. The relationship between carapace length and body weight indicated negative allometric growth in males and positive allometric growth in females.
INTRODUCTION
Pandalidae (Caridea) are of major commercial importance in world fisheries and are widely distributed from temperate to tropical regions of both the northern and southern hemispheres (Holthuis, 1980) . Due to the economic importance of this fishery, a great effort to understand their population biology has been made in recent years (Franco et al., 2006) .
Plesionika izumiae Omori, 1971 is widely distributed in the coastal waters of Japan, Korea, China, Philippines, and Australia (Omori, 1971; Chace, 1985; Jiang et at., 1985; Wang, 1987; Liu and Zhong, 1994; Cha et al., 2001; Li and Komai, 2003; Li and Davie, 2006; Li, 2007) . This is a relatively common shrimp in the coastal waters of Japan, except off northern Honshu and Hokkaido and is commercially important for small-scale bottom seine fishery (Hayashi and Koike, 1976) . Omori (1971) reported this shrimp as a shallow water (ranging from 32 to 80 m) species. However, Li (2006) reported the occurrence of this shrimp from deeper water up to 300 m in the South China Sea. Moreover, this species also inhabits as a dominant species in the benthic community of deeper water Kagoshima Bay, southern Japan, where water depths reach over 230 m (Ohtomi et al., 2008) .
Despite its wide extent occurrence, only a few studies have been conducted on this species mainly from Japanese waters. Omori (1971) reported the taxonomy with some * E-mail: ferdous_bau04@yahoo.com ** Corresponding author; e-mail: ohtomi@fish.kagoshima-u.ac.jp notes on the biology of this species from Suruga Bay, central Japan. Ahamed and Ohtomi (2011) studied the reproductive biology of this species in Kagoshima Bay. However, there is no published report on growth of P. izumiae from any geographical region where this species is distributed, which attracted our attention extensively. The main purpose of the present study is to provide information on growth pattern and longevity of P. izumiae based on monthly length-frequency distributions using a large number of specimens collected over a four-year study period. In addition, the length-weight relationship was examined for both sexes.
MATERIALS AND METHODS

Shrimp Sampling and Measurement
This study was conducted using samples collected from the northern part of Kagoshima Bay, southern Japan, at depth ranging from 122 to 136 m ( Fig. 1) during February 2007 to January 2011. Sampling was carried out monthly on board the Nansei-Maru (175 t), a training vessel of the Faculty of Fisheries, Kagoshima University, using a simple trawl net carrying canvas kites on the tip of the wings (Ohtomi et al., 2004) . The dimensions of the net were 23.5 m long, 37.9 mm and 20.2 mm mesh size at the net body and cod end respectively. A total of 44 trawls were performed. Each trawl was towed for 10 min. at 2 kt after it reached the bottom substrate. A submersible data logger (Compact-TD ATD-HR, JFE Advantech, Japan) was attached to the head rope of the net to record water temperature, with data logging set to 1 min. interval. For the present study, only bottom water temperature recorded during towing was used to investigate the effect of temperature on the growth rate of P. izumiae. All specimens were sorted to the species level and individuals of P. izumiae were separated at each haul and chilled immediately in ice on board. Eventually the preserved samples were transferred to the laboratory and fixed with 10% formalin.
All specimens collected were sexed by morphological examination under a binocular microscope (Leica, MZ12) based on the presence (male) or absence (female) of the appendix masculina on the second pleopod (Zariquiey Alvarez, 1968; King and Moffitt, 1984) . Carapace length (CL) from the posterior margin of the orbit to the mid-dorsal posterior edge of the carapace was measured using a digital slide caliper (Mitutoyo, CD-15PS) to the nearest 0.01 mm. Wet body weight (BW) was measured using an electronic balance (Shimadzu, EB-430DW) with 0.01 g accuracy.
Length-Frequency Analysis
Monthly length-frequency distributions were constructed using 1 mm intervals of carapace length for both sexes. A series of component normal distributions were fitted to the length-frequency of each sample by sex, using a computer analysis (Microsoft Excel-add-in-Solver) based on Hasselblad's maximum likelihood method (Hasselblad, 1966) . Each component normal distribution was assumed to represent an age group in the population. The outputs from this analysis include mean CL, standard deviation and proportion of each age group explained by each component normal distribution. Then, ages in months were assigned to the mean CLs belonging to each of the cohorts by considering 1 August (approximately middle of the main spawning season) as birth date. This assumption was done because the spawning season of P. izumiae is extended throughout the year with a peak during July to September (Ahamed and Ohtomi, 2011) . Longevity was estimated from the time series of length-frequency distributions.
Growth Pattern
Age was calculated as the time in months elapsed from the assigned birth date to each sampling date. The growth patterns of CL for both male and female P. izumiae were described by fitting three equations to the mean CLs at ages estimated for each component normal distribution at the various sampling dates during 2007 to 2011. The equations were:
von Bertalanffy equation (von Bertalanffy, 1938) ,
Gompertz equation (Beverton and Holt, 1957) ,
Pauly and Gaschütz equation (Pauly and Gaschütz, 1979) ,
where L t is CL (mm) at age t (month), L ∞ is asymptotic CL (mm), K is growth coefficient (year −1 ), t 0 is theoretical age at zero length, C is intensity of seasonal growth oscillation and t s is age at the beginning of growth oscillation. To determine the goodness of fit among these three equations, Akaike information criterion (AIC) (Akaike, 1973) was used as an indicator of the precision. According to this method the equation having lowest AIC value was selected as the best fitted model. F-test was conducted to compare the growth curves between sexes using the following formula (Chen et al., 1992) :
where S m is residual sum of square (RSS) for male; S f , RSS of female; S p , RSS for pooled data; n m , number of plots for male; n f , number of plots for female and r, number of parameters.
Monthly growth rate (MGR) was estimated for both sexes using the following equation:
where L t and L t + 1 are the back-calculated CLs (mm) at age t and t + 1 (month) from the best fitted equation.
Growth Performance
To compare the growth between the sexes, growth performance index (Ø ) (Pauly and Munro, 1984) was calculated by the equation: Ø = log 10 K + 2 log 10 L ∞ This index is preferred for growth comparison, rather than using L ∞ and K independently, because these two parameters are inversely correlated (Pauly and Munro, 1984) .
Length-Weight Relationship
For length-weight relationship, ovigerous females having embryos beneath the abdomen attached to the pleopod were excluded from this analysis. The relationship between CL and BW in both sexes was obtained by the equation of Huxley (1932) : ln(BW) = ln(a) + b ln(CL) with the slope b defining the type of growth. Significant deviation of b value from the theoretical isometric value (b = 3) indicates either positive (b > 3) or negative (b < 3) allometric growth (Tesch, 1971) , which was verified with Student's t-tests (Sokal and Rohlf, 1987) . Analysis of covariance (ANCOVA) (Zar, 1984) was used to test for significant differences in slopes and intercepts between sexes.
RESULTS
Modal Analysis of Length-Frequency Distribution
A total of 6913 specimens were collected from Kagoshima Bay during February 2007 to January 2011. Both male and female P. izumiae were first recruited in autumn (October or November) with modal size around 7.0 mm CL (Figs. 2  and 3 ). The minimum size at recruitment was 4.4 mm and 4.0 mm carapace length for males and females respectively. Maximum carapace length was 14.5 mm in males and 14.7 mm in females. The length-frequency distributions showed that one or two age groups were found to be present in each month, displaying similar patterns in both sexes. Only one age group was identified in the majority of months, whereas two age groups were identified during October to January. The length-frequency distribution revealed a distinct new cohort clearly distinguishable from the older individuals, which appear in October or November each year. This newly recruited cohort grew rapidly and existed until January of the second year. The longevity was calculated using the assigned birth date 1 August and estimated to be around 18 months for both sexes.
Growth Pattern
The calculated growth equations generated by three different models for males were as follows: Among these three models fitted to the age-CL data, Pauly and Gaschütz equation provided the lowest AIC value for both males and females. Therefore, Pauly and Gaschütz equation was adopted as the appropriate growth equation for P. izumiae in Kagoshima Bay. The growth curves for both sexes are shown in Figure 4 . Females had higher L ∞ and K values than males. The growth curves showed seasonal oscillation in growth (C) of 0.72 in males and 0.65 in females. There was a significant difference in growth curve between the sexes (F-test, F = 7.44; P < 0.001). Temporal changes in MGR throughout life cycle of P. izumiae showed similar pattern in both sexes (Fig. 5) . Growth rate tended to decrease with progression of age. However, both males and females showed lower growth rate during December to February and higher during March to May. The growth performance index (Ø ) was slightly higher in females (2.82) than males (2.76) of the same age group.
Length-Weight Relationships
The relationship between CL and BW indicated negative allometric growth in males and positive allometric growth in females because the allometric coefficient b values were significantly different from the expected isometric value of 3 (t-test; P < 0.05). Significant difference in both slope (b) and intercept (a) were observed between sexes (ANCOVA; P < 0.001) (Fig. 6) .
Bottom Water Temperature
A slight variation in monthly bottom water temperature was observed at the sampling site of Kagoshima Bay (Fig. 7) . The temperature was higher during October to January and lower during March to May. Maximum and minimum temperature was recorded 17.4°C in December and 16.1°C in March, respectively, with an average of 16.6°C throughout the year.
DISCUSSION
The growth of shrimp is usually estimated by identifying successive age groups from the modes of length frequency distributions as well defined aging characteristics are absent (Ohtomi and Ireda, 1997) . In the present study, the size range for males and females was recorded between 4.4 and 14.5 mm CL and 4.0 and 14.7 mm CL respectively. In accordance with earlier studies on pandalids (Maiorano et al., 2002) , slightly size predominance of females over males Fig. 6 . Relationship between log-transformed carapace length (mm) and log-transformed body weight (g) for male and female Plesionika izumiae in Kagoshima Bay. was found, where female size was consistently exceeding that of males throughout the study period. A perceptible shift in modal carapace length with time was observed in both sexes during the study period. Shrimp recruited in October or November continued to grow through to the following year and reached at sexual maturity when they took part in reproduction and continued all through the rest life.
Despite its prolonged reproductive period (Ahamed and Ohtomi, 2011) , the present study indicated that P. izumiae underwent one major recruitment event per year. Several studies reported that a variety of factors might influence the larval development and recruitment patterns of a species having continuous reproduction, e.g., variation in water currents (Sastry, 1983; Scheltema, 1986; Roughgarden et al., 1988) , variation in predation on planktonic larvae (Roughgarden et al., 1988) , competitive interactions among larvae of closely related species (Reese, 1968) and seasonality of the larval food supply (Thorson, 1950; Giese and Pearse, 1974; Sastry, 1983; Bauer, 1989) . However, in the present study, reasons of missing recruitment in other seasons remain undefined. Recruitment followed a peak spawning season from July to September (Ahamed and Ohtomi, 2011) , and new recruits appeared as a clearly distinguishable cohort in October or November each year (Figs. 2 and 3 ). This recruitment of juveniles was likely to take place within 3-4 months after spawning. The duration between spawning to recruitment is correlated with environmental as well as hydrological conditions (Garcia and LeReste, 1981; King, 1995) . The longevity for both sexes of P. izumiae was around 18 months based on the time series of CL frequency distributions. In comparison with a closely related species of the same genus P. semilaevis Bate, 1988 in Kagoshima Bay, the longevity of this species was shorter, as Ohtomi (1997) reported that the longevity of P. semilaevis was around 3 years. It can be noted that the maximum size of P. semilaevis is larger than that of P. izumiae and the species is distributed in relatively deeper areas than that recorded for P. izumiae. The difference in the longevity of the two species may be attributed to the differences in bathymetric distribution as reported by King and Butler (1985) who observed that deeper water shrimp species exhibit longer life cycles as well as the maximum size compared to shallow water species.
Growth of P. izumiae was well expressed by the Pauly and Gaschütz equation for both sexes, suggesting seasonal oscillation of growth rate. The lower growth rate was observed during December to February, while the growth rate was higher during March to May for both sexes (Fig. 5) . Ohtomi and Irieda (1997) reported that monthly growth rate of shrimp is synchronously correlated with molting frequency, while this molting or growth of shrimps is correlated with numerous factors. Several studies (Pauly et al., 1984 (Pauly et al., , 1995 Garcia, 1985; Swain et al., 2003; Ye et al., 2003; Cha et al., 2004; Choi et al., 2005; Silva et al., 2008; Castillo-Jordán et al., 2010) indicated that seasonal oscillation in growth of shrimp is most likely caused by seasonal variation in water temperature. In the present study, although a slight variation in monthly bottom water temperature was observed, there was no distinct seasonal trend that can be a reason of seasonal growth oscillation of P. izumiae in this bay. Some other studies (Bergström, 1992; Ohtomi and Irieda, 1997) reported that growth rate of shrimps is correlated with the reproductive cycle. However, the growth rate of P. izumiae was not likely influenced by reproductive cycle as Ahamed and Ohtomi (2011) reported that the reproductive period of this species is almost throughout the year with a peak during May to November. At present, the reason of seasonal oscillation in growth of P. izumiae is still unknown. However, the variation in availability of food might be an important factor of seasonal patterns in growth of P. izumiae in Kagoshima Bay. Therefore, detailed studies on feeding habits of P. izumiae in this bay are needed and deserve to be explored in future research.
The estimated growth equations showed that L ∞ was larger in females than males. A large asymptotic length in females is a common feature in pandalid shrimp and has been reported for several species (Dailey and Ralston, 1986; Ohtomi, 1997; Colloca, 2002) . Since the growth pattern of shrimps is not linear, the direct comparison of growth parameters is biologically not reasonable (Cartaxana, 2003) . The growth performance index (Ø ) is an indication of the well-being of aquatic animals relative to their environment (Gabche and Hockey, 1995) and is an easy procedure to compare the growth between sexes of a species and between species rather than comparison of L ∞ and K, as these two parameters are intrinsically negatively correlated (Pauly and Munro, 1984) . The estimated growth performance index of P. izumiae in Kagoshima Bay was different between the sexes, suggesting that the growth rate of females was higher than that of males. Several studies (Silva and Silva, 1989; Bergström, 1992; Baelde, 1994) have observed the similar patterns of faster growth with females than males. According to Berglund (1981) , faster growth rate in females may be considered as a life history strategy to attain a larger size for supporting increasing egg production. While, the slower growth rate in male may indicate a reduced energy investment in growth and a decrease in their risk of predation.
A negative allometry was observed in CL-BW relationship for males, indicating CL relatively increases faster than BW, while in females, the BW increases during growth in relation to CL (positive allometry). Similar results have been reported for a pandalid shrimp of the same genus Plesionika edwardsii Brandt, 1851 (Colloca, 2002) . After growing to the recruitment size, the body weight of females showed faster growth than males. The difference in the allometry between the sexes is most probably due to the gonadal development. This is the first comprehensive study on growth of P. izumiae from any geographical region where this species is distributed. The findings of this research will provide an important basis for comparison of growth of this species studied from other habitats and will help for sustainable management of P. izumiae. However, further detailed qualitative and quantitative studies on planktonic phase are needed for the effective management of this species.
